Energy balance studies using indirect calorimetry were conducted with four mature equids ranging in weight from 125 to 856 kg. Each animal was fed three different levels of intake of the same diet. The amounts of digestible and metabolizable energy required for zero energy balance were determined by calculating regression equations for energy balance against energy intake. It was concluded that the maintenance requirements of equids vary linearly with body weight. 
I ntroduction
Equids are unique among large domestic animal species in that they have over a 10-fold range of mature body weights. Miniature horses can weigh less than 100 kg, while draft animals such as the Shire and Percheron can weigh over 1,000 kg. Because of this great size range, attempts have been made to formulate a function of body weight that will adequately describe the relationship between body weight and nutrient requirements in horses.
The National Research Council (NRC, 1978) used weight 'Ts (W "Ts) or "metabolic body size" to calculate energy requirements for maintenance. This power function of body weight was developed originally from inter-species comparisons of basal metabolic rate and body weight in a large number of species ranging in size from a mouse to a steer (Brody, 1945; Kleiber, 1961) . There is some question as to whether this is an appropriate power of weight to describe the relationship between energy requirements and body size in horses. Blaxter (1972) and Thonney et al. (1976) demonstrated that although W "Ts adequately describes the heat production-body weight relationship among a number of species, it is an inappropriate mass exponent within some species. Blaxter (1972) stated that between mature individuals within a species, metabolism varies with a higher power of weight than .75; possibly .90. Therefore, the following study was conducted to evaluate the relationship between maintenance energy requirements and body weight in horses, and to determine a minimum resting maintenance digestible energy (DE) and metabolizable energy (ME) requirement for horses with greatly different mature body sizes.
Materials and Methods
Four male animals weighing 125 kg, 206 kg, 500 kg and 856 kg were used. Each animal was at least 10 yr old. Each horse was fed three different levels of intake of a pelleted diet consisting of 75% alfalfa meal and 25% oats (table 1) . Intakes were calculated to provide near zero energy balance and two levels of positive energy balance. The horses were fed each level of intake during a 2-wk adjustment period followed by a 5-d collection period. The animals were 815 J. Anita. Sci. 1986. 63:815-821 aDry-matter basis.
housed in metabolism crates, which allowed separate collection of urine and feces. Energy retention was determined by deducting energy losses in feces, urine, methane and total heat production from gross energy intake at each level of intake. After each collection period, daily heat production was measured indirectly. The animals were fed one-half of their daily diet at 0700 and one-half at 1900. Thirty minutes after the morning meal, oxygen consumption and carbon dioxide production were measured for a 30-min period. Measurements were taken each hour for 30 rain for the next 11 h, thus a total of 12 30-rain measurements were taken between meals. Oxygen intake and carbon dioxide production were measured using a face-mask open circuit respiration calorimetry system. The calorimetry system was validated using a nitrogen dilution technique similar to the type used by Fedak et al. (1981) . The system was found to measure oxygen consumption with an error of less than 1.5%. Total daily oxygen consumed and carbon dioxide produced were calculated as four times the amount consumed or produced during the six total hours of measurement. Values from the calorimetry measurements and urinary nitrogen excretions were used to calculate heat production (HP) using methods described by Brody (1945) . Gross energy contents of feed, feces and lyophilized urine were measured by combusting samples in a bomb calorimeter. Fermentative gas losses were estimated with Wolin fermentation balances (Wolin, 1960) using cecal VFA ratios measured in three cecal fistulated ponies fed the experimental diet. Fermentation substrate was assumed to be neutral detergent fiber (NDF). It was assumed the NDF consisted of hexose units. Neutral detergent fiber disappearance was measured during each collection period.
Results and Discussion
Energy partitioning is shown in table 2. The average digestibility of the gross energy (DE) was 62.9 + .80%. Urinary losses averaged 8.5 -+ .32% of the DE intake. Blaxter (1962) coneluded that when ruminants were fed low protein feeds, the percentage of DE lost in urine was about 10%, but when higher quality feeds containing 20% protein were fed, the urinary losses were lower. Thus the data for homes agree with the values for ruminants.
Energy lost as methane averaged 2.9 -+ .10% of GE and 4.6 + .10% of DE. The value of 8% of GE loss as methane reported by Blaxter (1962) for ruminants is higher than our values, perhaps because of the difference between ruminants and horses in ability to digest fiber (Uden and Van Soest, 1982) and perhaps because the methane losses of the horses were underestimated. Some of the non-fibrous feed fractions and endogenous materials are probably fermented in the large intestine of homes (Hintz et al., 1971) but, as mentioned previously, only NDF was assumed to be fermented in our studies.
Metabolizable energy (ME) averaged 86.9 + .27% of DE intake. This value is within the range of 85 to 94% for horses and rabbits as summarized by Reid and White (1978) .
Heat production (HP) and energy balance (ME-HP) by the homes increased with increased feed intake. The increased heat production was presumably due to a greater heat increment of feeding.
The amount of energy retained at each level of metabolizable energy intake for the four animals is shown in figure 1. Energy retention increased linearly with increased metabolizable energy intake in each of the animals, so that the amount of metabolizable energy needed by each animal to maintain zero energy balance can be calculated with linear regression.
A common method used to present energy balance data in animals of the same species is to adjust the data to a "metabolic body size" basis by dividing the energy retention and energy intake wlues by W -Ts. The data from table 2 are presented in this fashion in figure 2. At any level of metabolizable energy intake the smaller animals appear to retain more energy than the larger animals. Linear regression of these data results in the equation EB (energy balance) = -39.93 + .47 (ME) with an R 2 value of .71. When the data are expressed on a body weight basis, rather than on a metabolic ,~o " ~o MQtab~tiz|ble |ner|y Intake (Koal/hi'tS/day) Figure 2 . Relationship between metabolizable energy intake and energy balance expressed on a metabolic body size basis.
body size basis (figure 3), a higher correlation between energy intake and energy retention is found. Linear regression of the data expressed on a body weight basis results in the equation EB = -10.22 + .50 (ME) with an R 2 value of .92. Transformation of the data in table 2 using logarithms shows that the best relationship between energy intake and energy balance in these four animals of greatly different body weights occurs when the data are divided by W "sT (figure 4). Linear regression of these data gives the equation EB = -27.40 + .59 (ME) with an R z value of .96. The slope of this line indicates that the efficiency of utilization of ME from this diet for fattening is 59%. For each 1,000 kcal of ME intake above that required for zero energy balance, 590 kcal would be retained, presumably as fat, and 410 kcal would be lost as heat. Forbes and Kriss (1932) compared fattening and lactation in dairy cows and concluded that ME was used with an efficiency of 57.5% for fattening and 69.3% for milk production. Reid (1961) reviewed the dairy cattle literature and concluded that the utillization of ME ingested above maintenance was 58.4 + 3.5% for fattening, and 70.2 -+ 4.0% for conversion of ME into milk. Reid and White (1978) reported studies by Hellburg (1049) with rabbits, and Knudsen (1968) with guinea pigs, that showed these animals utilized ME for gain with an efficiency of 70.5% and 69.6%, respectively. It therefore appears that horses utilize ME for gain with an efficiency closer to dairy cattle than to other nonruminant herbivores such as rabbits and guinea pigs.
Although W ~7 results in the best relationship Figure 6 . Linear regression of fasting heat production on body weight in four horses (adapted from Benedict, 1938 ).
between energy intake and energy balance in these animals with greatly different body weights, the amount of energy required to maintain zero energy balance (resting energy requirement) can be directly related to body weight. The relationship between resting maintenance DE and ME intakes and body weight in the four animals is shown in figure 5 . Both regressions have high R 2 values, .999 and .997 for DE and ME intakes, respectively. Benedict (1938) reported data (figure 6), which showed a similar relationship between fasting heat production and body weight in horses of greatly different body size. Brody and Procter (1932) used the equation HP = do(W 101) to develop the metabolic body size concept, They determined the values of do and bl by transforming the equation into a linear function with logarithms using the equation: log HP = bo + bl (log W) where b0 ---log do. Use of this type of equation requires that the regression line includes a zero Y-intercept. While it may seem intuitively logical that an animal with zero body weight would have zero heat production, there are few mature equids with mature body weights less than 100 kg. Use of this type of analysis of the data in this study results in a mass exponent (bl) of .87, Because linear regression of the data results in a positive Y-intercept, a more appropriate equation to evaluate the relationship of energy requirements to body weight might be." ME (kcal/d) = a + b 1 (wb2). This equation includes a Y-intercept (a) and eliminates artificially forcing the regression line through a zero Yintercept. Analysis of the data in this study using this equation results in a mass exponent (b2), which is actually slightly greater than 1.
The estimates of maintenance DE requirements in horses ranging in weight from 200 to 900 kg using the linear regression equation from the present experiment and the NRC (1978) recommendations are compared in table 3. The NRC values are higher at every body weight but, because of the different weight functions used, this difference is not constant over the entire weight range. The NRC predicts that a 200-kg horse would require 36.5% more DE than estimated in the present study, but only 21.0% more for the 900-kg horse. The NRC values are higher because the NRC definition of the maintenance requirement is the amount of energy required for zero weight change plus normal activity in the non-working horse. This requirement includes an allowance to cover the added energy expense of "normal activity" and, presumably, to cover also a range of different environmental conditions. The vaues obtained from the present study are from horses with practically no activity (housed in straight stalls) in a thermoneutral environment. Therefore, until precise measurements can be made of the added energy expense of "normal activity," an extra allowance of energy must be added to these values to make them useable under practical conditions.
A number of studies (Breuer, 1968; Stillions and Nelson, 1972; Anderson et al., 1983 ) and much practical experience have shown that the (1978) . It also appears to give a more accurate representation of the relationship between energy requirements and body size in horses.
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